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ABSTRACT

Matrix tasks to assess multiple classification. and fnUltiple

seriation skills were administered to 160 children (40 subjects from
each of four levels--preschool, kindergarten, first, and second grades).
Each child received six matrix suOtasks (reproduction and transpositiOn
of crosstclassification I, double seriation, and cross classifitation II)
in one of six orders of presentation. Preliminary analyses indicated a
general absenc.e of significant presentation order effects and an absence
of sex diffelsences,. Grade level comparisons were significant for all
subtasks except cross,classification I transposition. Significantly
superior performanceeon the reproduCtion when compared to the counter-
part transposition subtask were shown .for the cross classification I.
(first grade, second grade, and combined grades), double seriation
(kindergarten, first,grade, second grade) and combined grades), and
cross classification II ,(first grade and combined grades) case's.
The between, matrix difficulties were: (1) reproduction subtasks --
cross

,..

classification'II > double seriatin y cross classification I;
and (2) transposition subtasp--cross classification II >.double
seriation = cross classif' ation I.

These results (1) co firm the previous findings of Bruner'& Kenney.
(196), MacKay, Fraser, & ROss (1970), and Hodper, Sipple, GOIdMan,---&

6- Swinton (1970.conceining the generally lesser difficulty of matrix

/ reproduction compares to transposition; (2) are in contrast to the pre-
vious research of MacKay regarding the difficulty of class and series
matrices; and (3) suggest that development in classificatory Abilities
may lag behind relational Abilities contrary to the structural predictions
of orthodox Piagetian theory..<
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Among the more commonly- acknowledged behavioral imliCes of concrete
operational thought,.according,to Piaget, is-the ability to deal with
multiplicative classes and'relations. Assessments of these abilities
'have frequently utilized matrix-type formats. 'Thus, cross classification
abilities with discrete, categories (e.g., Inhelder & Piaget, 1964,
pp. 151-195) and double seriation understanding with continuous dimen-

* sione (e.g.,, Bruner & Kenney; 1968; pp. 154-167; Inhelder & Piaget, 1964,
pp. 269-274) have been investigated. Tagk format and instructional set
variations have been found to,influence,children's performances on cross
classification matrices (e.g., -Overton & Brodzinsky, 1972; Overton &
Jordan, 1971; .Smedslund, 164, 1967a,'1967b). A number of normative
studies employing a standardized measure of multiplicative classification,
The Raven Progressive Matrices Test, have been conducted (e.g., Shantz,
1967; Sigel, 1963; Storek, 1974; Zelner, 1974).,

Studies of multiple seriation skills include'Hamel & Van der Veer '

(1972); Lagatutta (1970); Lovell; Mitchell, & Everett (1962); Shantz
(1967); Smedslund (1964); and Steiner (1974). In addition, attempts
have been made, to devisOnstructional strategiee directed. toward
furthering children's matrix classification understanding (e.g., Caruso.
ResniCk, 1971; 'Jacobs, 1966; Jadobs & Vanderventer, 1968, 1971a, 1971b;

Parker,'Rieff, & Sperr, 1971; Parker,.Sperr, & Rieff, 1972; Shantz &
Sigel, 1967) and matrix seriation skills (e.g., Shantz & Sige1,1967;
Steiner, 1974).

Piagetian theory predicts a close developmental-relationship between
multiplicativetclass and relations abilities during the concrete opera-
tions period ok_middle-childhood. This follows directly ,from the funda-
mental within-stage correspondence assumption; i.e., the conception of
stage as repredenting a structure d' ensemble (cf., Brainerd, 1972)
Flavell, 1963,'1970; H6oper, 1973; Hooper&-Klausmeier, 1973; Pinard &'
Laurendeau, 1969; Wohlwille 1963, 1973)." In particular, Piaget has con-
sistently postulated develqpmentgi,synchrony for performances on task
settings derived from the qlassificatory and relational groupements (cf.,
Inhelder & Piaget, 1964, pp. 2.78-290; Piaget, 19q p, pp. 240-243; 1970a,',
pp. 723-727; 1970b, pp. 24-27,ad §5-66). .

There have been A relatively small number of previous studies which
have examined the developmenal interrelationship among multiplicative
classification and.relationality abilities. The majority of these inves-
tigations have utiliZed cross-sectional assessment designs (see Bingham-
Newman, Saunders, & Hooper, t/915; StePhens, 1974:and Wohlwill, Devoe, &
Fusaro, 1971 fbr examples of longitudinal assessma.nts)'. Lovell et al:
(1962) included measures of matrix doUble seriation (multiplication of.
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asymmetric transitive relations) and cross classification series of
:

task administrations'deSigned to replicate the earlier Inhelder & ,Riaget
(1964) results. The concluded that stae t ree O . I I S S

achioVed for these tasks at about'the same time,in primary school children,
although no direct in@er-task comparisons or associated infprpnre, tpsts
were conducted (i.e., Lov0.1 et a1:,e1962, Table2, p..178).

---smedsWid -CW64) faUnd that Ineamragloi_nulikpl rl as sitcatfon and
erelationality were_Of approxierriately equal difficulty for a sample of 160
children ranging in a4e from 4 to 11 years; i.e., 81 percent of the chili
dren either passed or failed both tasks. 'Shantzir967) compared the.per- .

formances of childien 7-1/2, 9- 1 /2,'and 11- 2 years old on multiplication
of classes (assessed by the Raven Colored redsive Matrices Test).
multiplication of relatioris ( assessed by.usfng the "dikonals" of 4 x 4
matrices based on various continuous dimensions), acid multiplication of
infralogical spatial relationSAaSseseed in an adaptation of Piagets
landscape task). Significant rank order correlations between the lti-
plicative class and relational matrix tasks' were found for the two older
'subsamples.

In another cross-sectional'assessment design study, Lagattuta (1970)
. examined children's abilities to deal with,unidimensional classification

and seriation (ielationality) and matrix format multiplicative classifiCation
and seriation tasks. It was found that a'child first develd15;"(5-1/2
years of, age) the abilityto classify a simple arrangement; somewhat later

'(5 -1/2 to_6-1/2 years) the child can successfully deal 4ith a multiple
classificatory matrix. Concurrent with this latter acquisition, simple
serial skillS aevelop (671/2 to 8-1/2 years of age), while the ability to
successfull,, order a serial matrix was shown by the older subjects (8-1/2-
years) only. It was tentatively concluded, in apparent contrast to
Inhelder &Piaget (1964), that classificatoryskills develop independently
of and prior to seriation skills. Comparisons of first and second grade
children's 'multiple classification and seriation performances (matrix-task
formats) are reported by Hamel & Van der Veer (1972). Significant positive

('intercorrelations were obtained for both the younger (.72) and older (:66)
"stabSamples.

MacKay, Fraser, & Ross (1970), drawing upon the earlier work of Bruner
Kenney (1966) and Inhelder & Piaget (964), compared the relative dif.-

fl6hlties of multiple classification, multiple seriation, and combined cl
,Series matrix tasks'for groups of children'S.to 8 years of age.. Each chi
performed on pne of the tasks and was required to reproduce And to transpo
the presented matrix. The comparisons retarding multiple classification and
serration were derived frOrrian initial experiment involving 90 children,
while a second experiment assessed performance of an additional group of 48
children on the class/series matrix. As anticipated, performances on all the
tasks improved significantly over the age inter'ai assessed. Matrix repro-
duction was easier than transposition for the multiple seriation and multiple

,---7r1-7g7teties,C11-SeS, and this was most notable for the younger (5 ko 7 year,
old) 'subjects. Pombining data from the two samples, it,was shownthat
reproduction of a multiple seriation matrix was more difficult than reproduc-
tion of a class matrix which was, in turn, more difficult than the class/series'
case. TranspoSition'of the seriation matrix was of greater difficulty than
either of the Othertatrices. Transposition of the class and combined class/4
series task was of approximately equal diffiCulty. It was concluded that:'

12
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1. Theability to construct a matrix composed of discrete
categories is developmentally an earlier acquisition
than the ability to construct one composed of relational
variables. .

2. A matrix composed of-discrete categories In both direCtions
.is of equivalent difficulty to one constructed of discrete
categories in onp'direction and a relational variable in
tfi other.

3. A matrix composed of discrete categories is no more easily
reprodUcedthan it is transposed, while matrices where
either one or both variables are continuous are more easily
reproduced than transposed.

ti

4. TheAgreat majority of children under each condition who
reproduce the matrix do so as it is presented (MacKay:
et al., 1970, p. 795).

ti

These results were essentially replicated in a study of 23 severely stb-
;nornial.adults (average M.A. of 6 years), although the lesser difficuley..
of the reproduction tasks compared to the transition tasks was not
found.

The immediate precursory investigation to the present study attempted,
- to replicate the MacKay et al. (1970) findings. As part of a lfrge scale

investigation of children's classificatory.ibilities, Hooper, Sipple, Gold-
many& Swinton (1974) utilized identical matrix repioduction and transpo- 4
sition tasks to assess the logical multiplicative abilities of 40 subjecti
-at each of seven age-levels:- preschool, kindergarten, first, second,
third, fourth, and sixth grades (overall N=280). There was 4 significant -
Increate in the number of subjects passing each of the. matrix subtasks
across this age-grade range. Comparisons across a more restricted age

-

range comparable to-that found in the MacKay et al. (1970) study--i.e.,
preschool (mean age, 5 years) to second grade (mean age, 8 years 2 months)- -
were also carried out. For.each reproduction and transposition subtSSk
there was a significant, increase in the proportion of successful, subjects;

X2 values .xceeded 9.40, df = 8,11.< .025 This is essentially
similar to the findings of the earlier investigation.

'In the MacKay et al. (1970) study, transposition of the matrices
WhiCh involved a continuous dimension (double seriation and class/series)
was a significantly more difficult task than reproduction. Examination
of the Hooper et al. (1974) matrix pass/fail frequencies reveals a con-

4cOrdant pattern of relative task difficulties. -Chi-square comparisons of .

the number of successful subjects on the reproduction subtask versus the
transposition subtask of the double seriation matrix Showed the former to
be significantly easier at the .pres (27.vs. 12); kindergarten (28 vs.
13), and first-grade (38 vs. 24) le ls. Combining the preschool through
second-grade subsamples (N=169,,,130 children passed the reproduction case,
and 79 passed the transposition subtask (x2 = 35.88, df I 1, E < .001).
.Similar comparisons for the class/series matrix also revealed'reproduction
tobe the easier task; i.e., the frequency of passing subjects for repro-
duction versus transposition for the preschool to second-grade subsaMples
'was 33 versus 21, 37 versus 25, 38 versos 34, and 40 versus 31, and. the

13 f
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total frequencies were 148 versus 111 (X2 = 27.73, df = 112"< .001) for` the
cdmbined younger subject stsaml4les. In contrast, there was no significant
difference between the number of successful reproduction versus transpo-

sition cases forithe cross classification matrix at any of the separate age-
grade levels, although the comparison for the 160 children in the composite
younger group--103 passed the reproduction subtask and 8kpassed the trans-,
.position subtask ,(e2 = 4.18,.df = 1, k< .05)--ws marginally significant. In
the preschool through second-grade composite sample, combining all the repro-
duction and transposition cases for the three matrices indicated that the
former task was significantly easier, i.e., N = 480 with 381 versus 275 passing
cases cX2 = 54.09, df = 3, 2. < ,001).

A more direct comparison of the relatille difficulty of the reproduction
versus the transposition matrix sp.tasks isshown in Table 1. (Note that
for Tables 1, 2, and 3, the comparisons within grade levels are binomial
tests with one-tailed probabilities for Table 1 and two-tailed'prob4bilities
fOr Tables 2 and 3, The composite stbsamRle comparisons are McNemar Tests
for the Significance of Change with associated X? .values and one-tailed
probabilities for Table 1and tiwo-tailed probObiliti'es foi Tables:2 and 3z)
All of the'within-grade stbamilde comparisons on,doribleseriati-oy signifi-
cantly favor the easier reprOdudtipn task, and only the'first7grade Stbsample

"' comparison fails to indicate a similar significant, relative difficulty pattern
for the class/series matrix. For the cros classification matrix, only the .

first-grade subsample and the co*osite-preschobi to second -grade sample com-
parison reach significance. It was concluded that matrixiepioduCtion is
significantly easier than matrix aid this was particularly
true for'the double seriation and class /series matrices,
j In considering the relative difficulty of the three basic matrietypes,

the reproduction and "transposition cases were examined separately cooper
et al., 1974, pp. 40-43). The relevdnt comparisons for the reproduction case
are presented.in Table 2. Considering initially the three matrices together,
Cochran Q values for the number bf'passing subjects were 17.04 (preschool),
18.00 (kindergarten), 10.89 (first grade), and 9.25 (second grade), indicating

oss tfie,matrix -,.reproduction subtasks (all probabil
oductioh of the cross classification matrix -was

an the counterpart class/series case at all of

significant differences
ities lesS than .01Y.
significantly more diff'cul
the younger age-grade vels and in terms of the composite sample. A similar.
case of relatively gre ter task difficulty for 'Cross classification compared
to dotbliseriation is also'Shown; i.e., only the second-grade comparison

: fails to reach an acceptable significance level. Finally,,

tion reproduction task appears to be of significantly greate
than the class/series reproduction case, and this is most no
preschool-and kindergarten ago-grade Levels where a sufficient
inter-task variabirity (absence of ceiling effects) permits dir

e double seria-

difficulty
le at the

gree of
t comparisons.

Thus, the relStille task, difficulties for the three matrix reproduction cases
are as follows: cross classification.> double seriation > class/series..

In the matrix transposition task case, the relative difficulties are
somewhat less distinct (see Table 3). Considering,initially the three.-
matrices together, Cochran Q values for the number of passing subjects were
7.8$ (preschool), 9.91 (kindergarten), and 9.94 (first grade), indicating .

significant differences across the matrix transposition subtasks probe-
bilities lest than .05). The" ouble seriation transposition task is clearly

14
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TABLE 1

Compdrison of the RelatiVe Difficulties of the
# Reproduction Versus Transposition Matrix Tasks-

Preschool

Niaderoarten

First Grade

Combined
ft

CCR

CCT x CCR

+ CCT

+ -CCT b

CCR +

_C

CSR

CSR +

CSR +

CSR +

CST x CSR

CST_ a

MIN
11111

CST _ a

P119
urn

+ CST -

MIR

DSR

DSR +

DSR +

DST x DSR

DST+ - a

MI
EMI

ST_ a

DST _ a

MIN
MIN

CST __ _DST__

MM
MM

DSR +

MEI

aja < .01 (one-tailed).,
b2 < PS (one - tailed) . t.

.. .,.

.

(f,rom I(ooper, Sipple, Goldman, & Swinton, 1974, p. 41)
-

1-5 '0
. .
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I TABLE 2

Compri on or the RelAive Difficiflties of the
Reproduction Matrix Tasks .

o

:43:Preschor4

1-.;

.114tideroarten

j

CCR xCSRCCR x DST

+ DSR

CCR CCR +

!Uri
DSR

CCR +. CCR +

mIM
Fiat Grade

CCR+

SeObnd Grade

Combined

CSR+ - a

C8R _ a

11111111I1
4: CSit b

BIM

CSR x DSR

+ DSR -

CSR + 111111111

DAR_

IND

+
DSR

CCR

r

CCR +

'CSR
+ -a DSR a.

a,p < .05 (two-tailed).

bg< 101 (two-tailed).

(from HOoper; Sipple, Goldman, & Swinton, 1974, p. 42)
.

16
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TABLE 3

Comparisdn of the Relative Difficulties of the,
;Transposition Matrix Tasks

e

Preschool

Anaergarten

CCT x DST

+ DST -
CCT +

CCT x CST CST x DST

+
CST -

12

9

+
DST -

First Grade + DST -

Second Grade.

CCT +

Combined

CST +

CST +

+ DST -
23 11

CST + D ST

CCT + 26 6 CST + 25 6

5 7 5 4

DST

CST +

a

a2 < .01 (two - tailed).

(from -Hopper, Sipple, 'Goldman , & Swinton, 1974, p. 43)

17
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re dif icult than the class/series
classifi ation transsition task is
class/se ies counterp t, at east i
and ove 11 composite s..ule
very li tle difference in ...-

the cro s classification and

matrix case. In addition, the cross
also of greater difficulty than the

ar as the preschool, first grade,
are concerned. There is -obviously

transposition task difficulties for
le seriation matrices. Thus, the rela-

tive ta k difficulties for the three matrix tranAlObsition cases are as
follows cross classification = double seriation > class/series.

Returning to the reproduction tasks again, Table 4 presents the num-
ber and!percentage of children who passed the reproduction tasks and who
exactly, reproduced the various matrices as originally presented to them.:
The percentages for the various composite sample totals--i.e., 78.6 per-,
cent, 80.4 percent, and 98.5 perdent for the cress classification, class/
series, and double seriation matrix cases, respectively--closely parallel

- the earlier results-of MacKay et al. (1970, pp. 793-794).

TABLE 4 A..

Number and Percentage of Successful Subjects, Across the
o nger Grade 'Levels, Who Exactly 'Reproduced the Various Matri

.

Grade

.

Cross Classification Classification Seriation Double Seriation

No.

P ssed

Exactly
/ ,,.

Reproduced

.

No.--
Passed

Exactly

Reproduced No.

Passed

Exactly

Reproduced

No. % of Passing
.,

No. % of Passing No. % of Passing

Pre' 7 9 52.94 33 '22 66.7 27 27 100

K

21

1313 55.0
./

9: 37 32
,

87 :149 28
.

28 100

1 3 29 -93.55, 38 29 , 76:32 38 36 . -94.74

2 3 30 90.91 40 , 36
1
,, spot) 37 37 100 .-

Composite 1 oa 81 78. 64 148 119 "80.41 130 128 98.46

(from Hooper, ipple, Goldman, & Swinton, 1974,"p. 44)

Table 5 presents the types of errorresponses (dolor vs. shape, .

color vs. height, and_ diameter, heighti,.for the matrix perfbrmances.
The predominant error category for the cross classificatory tasks is
color misplacement; i.e.; 67.50 percent and X7.1.4 percent of the repro-
duction and -tiansposition'error cases, respectively, for the overall
dc*h4ned samlile. In ,contrast, for the class/series matrix tasks the

it
present children made more errors onthe height dimension 166.67 percent
and.65.43 percent)`- -than on the color` dimension (33.33 percent and 34.57

,p,ercent). Misplacements baded on height Oere also the predominant error

18'
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category (contrasted with the width or diameter dimension) for the double
seriation cases; i.e., 66.22 percent and 64.62-percent of the total sample
error cases for the reproduction and transposition tasks, respectively.
This latter tendency contrasts with the previous findings of MacKay (1972;
p. 601) which indicated that correct responses on the double seriation
transposition task were more'likely to focuS upon the height dimension_than
upon the diameter dimension.

,TABLE 5

Number of. Subjects Failing Each Dimension of Each
Matrix Subtask for the Various Age-Grade Levels

Grade

Pre

K

1

2 -

Com -
Tosit

Cross Classification Classification Seriation . ,

I

Repro- Trans-
duction. position

Repro-
duction

color height

Trans-
Position.

Double Seriation
Reproduction Transposition

color shape color shape color heightdiameterlheight riaameter 'height
21 11 19 19 3 7 8 19 9 11 11 28
13 18 13 1 3 13' 4 12 17 . 24
7 2 10 8 2 1 6 1 2 8

-6 3 - 10-- 5 0- '0- 4- 2

23 57 45. 12 22 46 16 28 40 74

(froi Hooper, Sipple, Goldman, & SWinton,'1974, p. 44).

The fact that the Hooper et al. (1974) results substantiate the pat ern
that reproduction tasks are significantly less difficult than transposition
tasks as found'by Bruner &Kenney (1966) and MacKay et al. (1970) presents
some assurance that we are indeed dealing with similar behavioral phenomena.
In this regard, while the results. concerning the comparative difficulty of

Across class and the double seriation matrix a es disagree rather.. sharply
with'MacKay et al. (1970), the data are in ge 1 accord with the original
research of Bruner and Piaget. Bruner & Ken ey x(1966 p..158) found that
60 percent of the 5 year olds, 70 percent of the 6 y ar olds, and 80 percent
of the 7 year oldg could succegsfullireproduce the double seriation matrix.
The comparison percentages for the Hooper et al., (1974) appropriate age-grade,
groups are 67.5 percent, 70 percent, and 95 percent, respectively. For the
double seriation transposition case, the comparison percentage values are in
less cleai agreement; i.e., 0.0 percent for Bruner and Kenney vs. (30 per-
cent), 28 percent (32.percent), and 80 percent (60.0 percent) for the 5, 6',

`and 7 year old subjects. In similar fashion, although'Inhelder and,Piaget
did notiutilize any diiect counterpart to the present reproduction and trans-
position subtasks, their contention thae "children reach an operational level,

>:
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1

in the multiplication of series about the same period (7 to 8 years) as
cross classificition, (1964, p. 278)" agrees with the present case of
equivalent difficulty for cross class and double seriation transposition.

The present investigation was designed in accord with two general
objectives: (1) to assess-the reliability of the Hooper et al. (1974) and
MacKay et al. (1970) results -caiderping cross classification and double
seriation matrices, and (2), to assess the relationship of these measures
to a new cross classification task which utilized the double seriation case
stimulus materials. Subjett sampling procedures and reproduction/transpo-
sition instructional sets were identical to those reported in Hooper et al.
(1974). In accord with the contentions described above, it was predicted
that:. (1) performance on all of the matrix tasks would be-positively re-
lated to age-grade level, (2) all reproduction matrix tasks would be of
lesser difficulty than their transposition counterparts, (3) the inter-
matrix order of difficulty for the reproduction case would be cross
classification II > cross classification I > double seriation,.and (4) the
inter-matrix order of difficulty for the transposition casetwould be cross

'classificfition II > cross classification I = double'seriation.

20
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SUBJECTS

II
(

METHOD

Subjects, for the study were school children from the Jefferson and
Madison, Wisconsin, school districts. Forty Ss were drawn from elch of
four grade levels: preschool, kindergarten, first, and 'second. ,Distri-
bution of the subject population by age and sex is given in Table 6.

-TABLE 6 ' - 'A ,

Distribution of Subjects by Oracle, Sex, and Age

Grade Subjects Males Females Mean Age Range

?re 40 20 _4-5 , 3-8 to 5-2

K 40 20 20 A, 6-1 5-6 to 6-9

1 40 19 21 7-5 6-10 to 8-3

2 40 20 20 8-3 7-8 to ,9-2

MATERIALS

Each matrix task was arranged on a square wooden board sectioned so
as to produce nine individual square's each 110 x 110 millimeters.

a. Cross Classification I Matrix

'Stimuli were thrie square wooden blocks, three circle blocks,
and 'three'trianqle blocks. One block of each shape as red,
one was lellow, and one was blue. Each block had a circum-
ference of 204 millimeters and a thickness, of 10 millimeters.
The blocks were arrayed,on the color and shapg dimensions.

4

1, 1

t

. t v



12

b. Double Seriation Matrix

Stimuli were nine cylindrical wooden blocks; three were
100 millimeters high, three were 75 millimeters high; and
three were 50 millimeters high. One block of each- height

had a diameter of 100millimeters, one was 65 millimeters
in diameter, and one. was 35 millimeters in diameter. All
the cYlinderswere blue: Theblocks were arrayed,on the
width and height 44mensions.

c. Cross Classification II Matrix

Stimuli were identical to those for the double seriation
matrix. The cylinders were located such that within each
row the height remained constant, and within each column

'Ithe diameter remained constant. However, neither dimen-
sion was seriated across the rows or columns of the matrix.
Thus, by definition, this task is distinguishable from the
double seriation matrix; described previously, which in-
vol*.the multiplication of.a etric transitive relations:

PROCEDURE AL

Three matrix tasks were adapted to assess thtdevelopment of the
abilities of multiple classification and multiple seriation._ The tasks
were presented in one of the six possible orders of administration.'
However, the order of administration of a replacement, a reproduction,,
and a transposition subtask within each matrix was always fixed in that
order.

Instructions were identical for each matrix.

a. Replacement

E removed first one, then two, and finally three (diagonally
placed) blocks from the matrix, and each time $ was asked to
put theth back where they were before E removed them.

b, RprOductiow' A -

E removed all'the blocks'-froi the matrix, and S was as ked to
=NM

put them back so the board looked just the same'as it did be-
fore E removed them.

c. Transposition

E removed all the'blowks from the matrix and then placed the
block that had originally occupied the lower left-hand position,
(cfthe S) in the upper left-hand position. (For the crois_:-

classification II case, E placed the block that had originally

.

1Due to an unfortunate ifroceoftral error,' the n er of,Ss assigned to two
,of the sidifferent orders of adminiatratidn the three matrix tasks
was much,smaller than to the other orders. '

2 2
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occupied the middle -right position (of the S) in the
center position.) S was then asked to place the blocks
on the board so they made a "pattern like they did before."

In order to pass the cross classification I matrix reproduction sub-
task, a subject was required to classify one dimension in 'one direction
and the other dimension in the other direction. ,A1 order to pass the
double seriation matrix reproduction subtask, a subject was required to
senate one dimension in one dirdction and the other dimension in the
other direction. In order to pass the cross classification II matrix
reproduction subtask, a subject was required to classify the height.dimen-
bion in one direction and he width dimension in the other direction. In

order to pass each of the transposition subtasks, a subject was required
to f1fi11 the same criteria as for the reproduction cases without moving
the replaced block..

/

-
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III

RESULTS

- Initial considerations concern the evaluation of order of presentation

effects and possible sex differences in the children's matrix task perfor-

mances. Deleting the two orders containing substantially lower numbers, of

subjects, significant order of presentation Affects were notably absent,

with one exception. That is, none off the ff &guencies of subjects 'passing

each of the six'subtasks were effeCted by the. orders in which they were

presented,,--extelpt the cross classification II involution subtask. A

notably higher proportion of is passed this task within the two ordeks .

where the cross classificati4 II' task was presented last in the series:

31 percent passing (cross classification I, double seriation, crass

clasdification II) and 36 percent passillg (double seriation, cross class-

ification I, cross classification II).in Antrast-to 7 percent (cross..

classification I, cross classification:II, double seriation) and 14 per-

teni:.(cross classification II, double seriation, cross classification I)

passing.,
who passed the /various matrix asks (see Tables 7 and 8) were con-
Chi-square-comparisons of the frequency of male versus female

subjects
con-

sistently, nonsignificant' for both.the rep duction.and transposition cases.

-Cdnsequently the.Rale ancl female subsamples were, combined for all later

analyses. '
.

The frequency-and, perceritage of,;eubj c assing the reproduction and

transposition'subtasks across the present age-gr de range are presented in

Tables 7 and 8.' As anticipated there was a-hotable, positive relationship

between agp-grade level and the number of subjects passing the various matrix
.

ita4s.
The.cbi-square comparisons of passing frequenbies acrossthe four grade

let'els were significant with-one exception--i.., for the reproduction cases,.

double seriation X2 = 20.51, df = .3, 2. < .001; cross classification I, X2 =

12.28, df = 3, g. < .01; cross classifioation II, X2 = 36.43; df = 3, 2.< .001r
,........

and for the transposition cases, double seriation X2 = 12.38, df =

3, 2...< .01; cross classification 'I,. X2 = 5.30', df = 3,'N.S.; cross

classification,II, X2 = 20.77, df = 3,'2.< :001. These age perform-

ance trends are also shown in Figures 1 through 5. Pair -wise. compari-

sons between the various grade leireis resulted in the following L

,

,significant distinctions. (
, ,

.

4eproduction Cases

Double Seriation: ' 'Pre vs. 1st gr., X2 = 8.72, df = 1, P < .01

Pre vs. 2nd gr.-, X
2
= df = 1,2 .01

2
Kdg. vs. lstgr., X = 3.85, df p < .05

Kdg. vs. 2pci gr., X2 = 8.58, df = 1, p < .01 '
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Ctoss

Cross

Claisifieation-

Classification IIz

Double Seriation:

r

-Pre vs. -211-4.,gr.,- X2 = 8. 85 , df = < .0i.
Kdg. vs.. Ad gf., X2 =49.90,df = 1,- 2 < .03.

Pre vs. 1st gr., X2 = 22.03,df = 1, 2 < .01
Pre.vs. .2nd gr., -X2 27.58, df = 1, 2 < .01
Kdg. vs. 1st-gr., 12 =9.14, df = I, la < .01

Kdg: vs. 2nd gr.,.X2 = 13.33, df = 1, .01

Transposition Cases

Pre vs. lstgr.7

Pre vs. 2nd gr.,

Kdg, vs. 2nd gr.

Cross ClassificatiA I:. Pre vs. 2nd gr.,

Cross C ification II: Pre vs. lst,gt.,

Pre vC. lnd

Kdq. vs : 1st gr..

vs. 2nd gr.

The relative difficulties of the reproduction tasks contrasted with
the transpositiOn'o*ses are presented-in Table 9 (note that the probability

. values associated with the McNemar Tests for the Significance of Changes
are for one-tailed inference tests in'Table 9,and for two-tailed inference
tests in Tables 10 and 11). It may be noted that the reproduction tasks are
consistently of lesser difficulty. A

The inter-matrix reproduction task relative difficulty comparisons are
presented in Table 10., As.A.fialcated, there is very little difference be-

,

tiEeen the cross classification I and doUble seriation reproduction tasks,
Each of these measures is "significantly easier thah the cross classification
II task atthe preschool level and interas of the combined sample passing-
freciuencies. These comparisons.susgest thefollowing order of difficulty
for the three matrix reproducan tasks: -cross .classification II,> cross
classification I = double seriation.

The correspondingcomparison values f9ethe transposition task cases
\ are shown in Table 11. In his inStanceirsoi-the double seriation and
cross clasdificatiOn I tasks are -consistently easier than the cross class-
ification II. cas0- although.oniy the preschool, kinder4arten, and combined
sample comparisons of cross classification versus cross. classification II .

reach acceptable significance levels. This would suggest the following order
of diffiOlty for the three matrix transposition tas04 cross classification
II > crtifskclassification .1 double serfatiOnv. -4

)C2 = 6.27, df = 1,2 < .05

X2 = 8.57, al = 1, p < .01
, = 5.70, cif = 1, p < -.05

2
x = 4.27, df = 1, < .05

X. = < .05

X2 = 13.07, p < .01
, X

2
=5.54, p < .05

, X2 = 13.07, p < .01

I.
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TABLE 9 --

Comparison of the kilaiiie:biificuTiies

ft

orthe
Reprbauction,VersuS Transposition Matrix Taski

Grade Level

,

DSR X DST
.

`DST

CCIR X CCIT

CCIT CCIIT

Preschool'
.

Kindergarten
.

-

Pass

DSR
Fa'

Pass
DSR

Fail

tPass
DSR .

Fail

Pass
DSR

Pail.

Pass
DSR

Fail'

Pass jail

,

b

b

a

a

Pass-

CCIR
Fail

I Pass
CCIR

Fail

Pass Fail

Pass
CCIIR

Fail-
%

Pass.

Pass

CCIIR
Fail

Pass: Fail

2 8 10 '6 1 L

4 , 26 fl 23 2 36

Pass Fail

12-r

Pass Fail Fail

., 4 8 7 0 8

-20 4 Yr. 3 29

Pass Fail

First

Second

Combined

Pass

CCIR
Fail.,

Pass
CCIR

Fail

I

Pass

CCIR
Fail

Pass 'Fail
.b

-

b

:

a-

,

'Pass

Pass

CCIIR
Fail

Pass-.

CCIIR
Fail

Pass,

CCIIR
Fail

Fail
a

'a

14 9 14 7. 10.

t 2 15 18 1' 18

Pass -Fail Pass Fail Pass Fail

14 15 18 11. 12

.4 7 '2 9 11

Pass Fail
-

Pass 'ail Pass pail

31 23 '32

14
(so

4' 8 8 71 11 94

;,,a,11:<". .01 -/-one-tailed ineerence tests .

< .05,
.1

28
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TABLE 10

Comparison of the Relative Difficul lies

of the
Reproduction Matrix Tasks

Grade Level
DS X CCI

CCI

DS X CCII CCI X CCII

CCII CCXI

Preschool
Pass

DS

Fail.

Pass Fail

Pass
DS

Fail

Pass Fail
b

Pass
CCI

Fail

Pass Fail

6 4 2 8 1 15

10 20 0 30 1 23

,Pass

Pass Fa

Pass

Pass Fail ,

*Pats

Pass Fail

6 10 2 14 3 12-
Kindergarten DS DS CCII

'Fail 9 15 Fail 6 18 Fail 20
,

Pass-. Fail Pass Fail Pass Fail

First
Pass

DS
12. 11 Pass

DS
13 10 Pass,

CCI
11 10

Fail 9 8 . Fail 9 Fail $, 9

Sib

, )t.Pass Fail Pass Fail Pass Fail

Second
Pass

DS
21, 8 PassN

DS
19 10 Pass

CCI
18 11

Pail 8 3 Fail 5 6 Fail 6 5

iy

Pass

Pass' Fail

Pass

Pass Fail
b

'Pass

Pass Fail

45 33 36 e42 33 48
Combined- DS DS CCI

'Fail 36 46. Fag' 631; Fail. 22 57

< .o1-)
'twotailed inference' tests

< :05 )

29
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(TABLE 11

Caliparis _o_f-the Relative Difficulties
.of the_

TransOosition Matrix. Tasks

, .

_

*aae'Level
-DSX CCI

CCI

DS

CCII

;CCI X CCII

CCII

/P'ss

Pass Fail

.Pass

Pass Fail Pass

Pass

Fail
b

3 1 5 '1 10

Preschool DS DS CCI

8 26 32 2Fan Fail Fail

Pass . t Pass -Fail Pass 'Fail

Pass 5 3 Pass 6 Pass 10

Kindergarten DS DS

Fail -Fail .1 31 Fail 1

. Past Fail Pass-- Pass Fail.

Fir

Pass 10 . Pass -

. , DS
FI ail 19

Ds.

Fail 20

--,
15a.ss Fail Pass Fail

Pass

cond DS

13 5 PasS

DS
11 7

Fail 7 -15 Jail . 6 16

Pass Fail Pass Fail

Pass

CCI
Fail

Pass
CCI

Fail

Pass Fail

12

15

Pass Fail

Pass 11 17 Pass 21 27 Pass.

CCI
Fail

23 35
a

27 85

DS

Fail 13 99 11 91

Ir01 tlfc;-taiied inference tests
b2. < ):
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For the reproduction tasks, the-frequencies and percentages of subjects
exactly reproducing the various matrix arrays are reported in.Table 12. For
the cross classification I and double seriatiori cases, these result patterns
are in essential accord with the epili:er studies of MacKay et al. (.970) and
Hooper et al. (1974). '"

Table 13 presents the number of subjects committing placement errors
cCording to the dimensions in question for each matrix type.. The predom-
inant error category for cross classification I is the color dimension;
i.e 65.2 percent of the reproduction,and 67.2 percent of the transposition
cases (combined grade totals), respectively. In both the cross classifica
tion II and double seriation cases there was a tendency to err on the height
dimension;'i.e., 66.0 percent (reproduction) and 61.4 (transposition). for
the former and latter tasks. These results concerning the cross classifica-

tion I and double series taski agree with the Hooper, et al. (1974) data
and are in contrast to the MacKay (1970) results.

A final consideration concerns th0 possibility that subjects passing the
cross 'classifidation I task do so by seriating the color,brightness dimension;

yellow, red, and blue. As Table 14 indicates, there was no notable
tendency for subjects to do so; i.e., only 7.4 percent ofethe successful repro-
duction cases and 27.6 percent of the successful transposition cases produced
a rank-ordered brightness array.

31 .
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TABLE .14

Number of Subjects Who Passed the Cross Classification I

Reproduction and Transposition Subtasks Without Seriating
on Brightness of Color Dimension

Grade

Reproduction

No.
Passed

No.'Passed-

Without Seriating

Txan
No.

Passed

sposition
No. Passed

Without Seriating

Pre

K

1

2
.

Combined
Grade

16.

15

21

29

81

14

12

20

29

75

11,

12

15

20

58

6

7

12,

17

42

- :
34
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DISCUSSIQN

HT'

As predicted, performance on all of the matrix tasks improved signifi-)
cantly over the present age-grade range. .The growth of these multiplicative
logical skills from approximately four to severyrears of age is in essential 17
agreement with previous normatiye research investigations; e.g., Bruner &
Kenney (1966), Hooper et al. (1974), Inhelder'& Piaget (1964), Lovell et al.
(1962), MacKay et al. (1970), Shantz (1967), and Smedslund (1964). In rela-

tive contrast to the Hooper et al. (1974) results, the present subject sample'
appears to demonstrate lower average ability levels. For example, the per-
centage of subjects for the combined sample succeeding on the cross classifi-
cation I (reproduction = 50.6 percent; transposition = 36.3 percent, and
double seriation tasks (reproduction = 48.8 percent; transposition = 30.0
percent, are notably lower than the Hooper et.al. (1974) comparison values;
i.e., cross classification I (reproduction = 64.4 percent; transposition =
53.1 percent) and double seriation (reproduction = 81.3 percent; transposition

= 49.4 percent)., In addition, in accord with the earlier" studies cited above,
the present results indicate a distinct absence of significant performance
differences based on sex.

The notably. greater difficulty assodiatedwith-the.transt,osifion con=
trasted with the reproduction tasks (see Table 9 and Figures 1,.2, and 3).

-replicates the previous findings of Bruner & Kenney (1966), Hooper et al.
(1974), and MacKay et al. (1970). Additionally, the great majority of I,

children who succeed on the matrix reproduction taiks.produce an identical
array; i.e., for the combined age-grade subsamples 100 percent, 80 percent,
and 87 percent of the double seriation, cross classification lc and cross
classification II cases (cf. Hooper et.al., 1974; MacKay et al., 1970).

The primary inter-matrix difficulty comparisons were shown in Tables 10.

and 11 and Figures 4 and 5. These results agree with the primary findings of

Hoopeeet al. (1974) with one singular exceptiont The present relative dif-
ficulty analyses indicate that there is no difference between cross classifi-
cation I and double seriation for the reproduction task set. This case of

equivalent difficulty was not expected. It should be pointeckcut, however,.

that none of the present inter-matrix difficulty patterns agrees with the
earlier contentions ofagittuta.(1970, 1974).

Insofar as the dotble:seriation:and-cross classification I comparisons
are concerned (i.e., equivalent itezi difficulties for both the reproduction

an91 transposition cased), the preseilt study supports the originalconclusions
of Inhelder & Piaget (1964). In diicussing the probable age dependent"cqui-..

aition points for multiple'clasSification and multiple teriation abili;es

they stated: -

- .
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i

A

Children reach an Operational level in the multiplication
atieries abofif-the-same period (7-8) as *cross-classifi- .

cation.: ... '. Finally, there are four;PrinCipal "groupinge.
in the logic of classes andrelations,:corresponding with
simple, and multiple classification and simple and .-c,''

. multiple seriation. It is a most remarkable fact that, 'in
Spite of the,dafferenceS just noted in respect of ease of (,

perceptualization, all*ur StructureS become operational
at roughly the same pe4od. There are certain minor dif
ferences'depending on 14 extent to Which the, content of .

ce .

a problem lends itseltito imaginal representation, but
they do not invalidate4)Ur main thesis '(Infielder & Piaget,

1964, pp. 278-2793." ,;
.

Thus, it would appear that the present assessments.(sUperiok to, the original

Genevan results since a within-subjects' measurement design was employed)

serve to validate, the structural synchrony assumptions of Orthodox Piagetian

Z theory-(cfe Flavell, 1971; Pinard & Laurendeau,i-a969). ;,'.
,

Yet,an examination of the present overall matrix task array does not

support thiS conclusion. If we accept the asWumption that the double seria-
tion.and cross classification II tasks represent two.muAiplicative logical
reasoning tasks which 'employ.identiCal stimtlus materials with distinctive
instructional sets and associated di.ferent initial arrangement_condit4ns,

then theparkedly.different task di ichlties are indeed notable. The#e is4
little,5Liestion that the cross cladsification II tasks (reproduction 40
tianspdqtion) tire the more difficult task settings in the present assessment
array. .Of the 61 subjects for the combined sample reproduction totals (see

Table 14) who passed one task while failing the other, 69'percent indicate
cross classification II to be the more difficult task. A similar case holds

for the more di fficult transposition tasks; i.e., of the 40 pas§ versus fail

cases, 68 pekcent show the cross classification II case to be significantly

more difficult. Moreover, we can observe the two cross, classification tasks.
In the reproduction category 70 cases fell into, the pass/fail category (see

Table 11). Of these, 69 percent Show cross classification II to be the more

difficult -task. Similarly, 76 percent of the 46 pass/fail transposition
cases indicate cross classification II to be significantly more difficult

than the original (MacKay et';1.170) cross classification case.
. - Wong (1975) has receritl co eted a study of children's number concepts

at the preschool, kindergarten, and fiist-grade levels. Measures of multiple'

classification. and relationality in matrix formats were included. It was

.found that the multiple classification tasks were significabily more difficult
,than the multiple relations (seriation).tasks and these distinCtiods were most

, notable at the first-grade level. These results are in essential accord with
ttie.,generalizations of the preSent investigation and the earlier findings of

Hooper et..al,_(1974).
..,

. .

-
The overall. implication of these results points to a probable case of

lesser general difficulty for multiple seriation (relationalitY) contrasted

with, multiple classification concepts. This pattern is substantiated in a

number of'recezit investigations of Piagetian relational concept tasks.
Asiessment.tasks directly based upon the four relational growpemenW(Piaget,
1972; see.alsO.Flavell, 1963,2p: 173-195) have.been found to be significantly

ra

41'
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less difficult than ire tasks derived from the classificatory groupemen0
(Brainerd,. 1972;, Koff, in preparation, Weinreb & Brainerd, 1975).
The relational understanding embodied in the traditional transitive
inference task has peen found to be a developmentally earlier acquisi-
tion than the counterpart concepts of conservation or class inclusion
(Brainerd, 1973b; Toniolo & Hooper, 1975).. Mbreover, these differential
i diffictlties have been replicated in instructional studies employ-
in transfer of training designs (Brainerd, 1974; Peterson, Hooper, .

Wan ka, & DeFrain, in preparation). It has also been found (Brainerd,
1973 Gonc ,''1975; Siegel, 1974) that ordinal number understanding
(relat concept domain) precedes cardinal number mastery (classi-
-Tieatory concept domain). Finall 'y, these theoretically relevant item
difficulty' patterns have been substantiated in a number of developmental
acquisition sequences in investigations employing longitudinal assess-
ment designs (Di1off, 1975; Gonchar, in preparation; Toniolo & Hooper,
in preparation).

- - ... -------------------------------------------

0
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